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(54) COATED HARD TOOL 
(5 7) Abstract 

PROBLEM TO BE SOLVED: To improve the adhesion of a hard coating film by specifying the ratio of the diffraction 
intensity between the (200) plane and the (111) plane in the X-ray diffraction of compd. coating of TiAl and third 
component, composing the third components of Si or the like are interposing a metallic alloy layer composed of Ti, TiAl 
or TiAl and third components with a specified thickness on the space between a substrate and theteoating film. 
SOLUTION: In the case, as the third components, one or more kinds among S>i, Zr, Hf, Y, Nb, Nd andlGr are added, the 
oxidation-resistance of the coating film is improved. When the diffraction intensities of the (200) plane and the (111) 
plane are respectively defined as I (200) and I (1 1 1), the ratio of I (200)/l (1 1 1) is regulated to ≤2. In the case of >2, 
it can not show sufficient wear resistance in the cutting of a high hardness material in which the temp, of the cutting 
edge is made high. The thickness of the metallic layer to be interposed on the space between the substrate and the 
coating is regulated to 2 to 1000 nm. In the case of the lower limit or below, it has no effect on the improvement of the 
adhesion of the coating film, and in the case of above the upper limit, slippage is generated in the metallic layer, and 
the coating film is made easy to peel. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In the covering hard tool which covered to the multilayer the monolayer of the nitride which the rate of an 
atomic ratio of Ti/aluminum becomes from Ti, aluminum, and the third component of 95/5 to 25/75, a charcoal nitride, 
a charcoal nitric oxide, and a **** boride, or two sorts or more The diffraction intensity of the field in the 

X-ray diffraction (200) of this TiAl and the compound coat of a third component I (200), When the diffraction intensity 
of a field is set to I (1 11), the ratio of I (200)/l (1 1 1) is two or less. (1 1 1) A third component is one sort of Si, Zr, Hf, Y, 
Nb, Nd. and Cr, or two sorts or more. And the covering hard tool characterized by making the metal alloy layer which 
consists of Ti, TiAl or TiAl which has the thickness of 2 to 1000nm, and a third component intervene between the 
compound coats of a base, this TiAl, and a third component 

[Claim 2] The covering hard tool characterized by bases being an end mill made from a cemented carbide, and a drill in 
a covering hard tool according to claim 1. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] The invention in this application is excellent in the adhesion of a coat, 

and, as a result, relates to the covering hard metal which has the outstanding abrasion resistance. 

[0002] 

[Description of the Prior Art] Conventionally, although it was general, Ti is made to contain aluminum, the research 
which raises abrasion resistance and oxidation resistance is made, and various that coats, such as TiN and TiCN, are 
general-purpose and examples which accept the addition effect of aluminum also exist in JP.8-267306.A in recent 
years. However, when these examples added aluminum to a coat, the improvement of the coat [ itself / which is called 
the oxidation resistance of a coat and abrasion resistance ] was performed. Moreover, although using TiN coat for a 
substratum is also proposed as technique of improving the adhesion of TiAIN coat so that this number official report 
may see, the present condition is having come to obtain sufficient adhesion. 
[0003] 

[Problem(s) to be Solved by the Invention] Recently, the inclination which high-streamlines cutting is strong and a 
cutting speed and cutting delivery tend to increase. In such a case, as a factor which governs a tool life, the adhesion 
of a coat will become very important from the abrasion resistance of a coat, and oxidation resistance, generally the 
coat which added the aforementioned aluminum has a high residual compression stress, and as a result, the adhesion of 
a coat is not satisfied enough and is such — high — in the efficiency cutting, the result which a coat often exfoliates 
and spoils the life of a tool and a reliability is brought Furthermore, although it is necessary to make the oxidation 
resistance of a coat improve further in a high speed cutting, still sufficient effect does not accept. Therefore, also in 
such high efficiency cutting, it is long lasting, and in order to realize stable cutting, it is necessary to raise the adhesion 
of a coat further. On the other hand, although the research which reduces the residual compression stress of the coat 
which is the cause of fundamental of degrading adhesion itself is also made in order to raise adhesion, the present 
condition is having come to see still sufficient effect. 
[0004] 

[Means for Solving the Problem] By making the coat of a soft metal intervene under the hard anodic oxidation coatings 
which has the high compressive stress containing aluminum as a result of repeating a research zealously that this 
invention persons should improve the adhesion of a coat, the absorption relief of the compressive stress with the high 
hard anodic oxidation coatings containing aluminum is carried out, and it came to acquire the knowledge which can 
improve the adhesion of a result hard anodic oxidation coatings remarkably. It is effective to add a third component to 
oxidation-resistant enhancement. 

[0005] When high compressive stress exists in a coat, it is the factor in which the high shearing stress resulting from 
this compressive stress acts on the interface of a coat and a base hard metal, and this shearing stress spoils the 
adhesion of a coat, and suggests bringing the result which raises the adhesion of a coat as for easing or removing this. 
That is, it is thought by making a comparatively soft layer intervene between the coat which has high compressive 
stress, and a base hard metal that the shearing stress which this comparatively soft coat originates in high 
compressive stress, and generates in an interface was absorbed, and it eased. Moreover, according to the research of 
this invention persons, although there is also an example between which the nitride of Ti etc. is made to be placed as 
mentioned above, when the metal layer of Ti is used, it is more effective to relief of stress. It is thought that a metal 
layer demonstrates an effect target more to the stress relaxation of a coat that an absorbed energy tends to move the 
trusion high again since Young's modulus is low. Demonstrating the effect in which the direction which, on the other 
hand, used the nitride of Ti which made aluminum contain etc. was more excellent to the enhancement in adhesion 
accepted. If few oxidizing zones surely formed exist when this is put on the front face of a base hard metal into air, 
although the adhesion of a coat deteriorates remarkably, the result which the thermite reaction which returns this 
oxidizing zone into the coat formed as a substratum at the time of coating start when aluminum recognizes little 
presence occurs, removes an oxidizing zone, and improves the adhesion of a coat remarkably will be brought. This is a 
»+»♦*♦ thing at the principle which the oxygen of the oxidizing zone on the front face of a base and the ion of 
aluminum react, and forms an oxide in a coat since the oxide of aluminum is low and a free energy of formation is very 
easy to be formed, and removes the oxidizing zone on the front face of a base. 

[0006] The residual compression stress of the coat [ itself ] depends on coating conditions strongly. Generally, in 
coating under the condition that the energy of ion is low, the residual compression stress of a coat brings a low result, 
and the residual compression stress of a coat becomes high in coating under the condition that the energy of ion is 
high, on the contrary. The bias voltage and the degree of vacuum which are mainly given to a base determine the 
energy of ion. According to the research of this invention persons, when residual stress of a coat is high, the hardness 
of a coat tends to carry out orientation of the coat to (1 1 1) in X-ray diffraction again highly. In recent years, it must be 
in the inclination to be used when a cemented-carbide end mill cuts high degree-of-hardness material at high speed, 
and since the edge of a blade becomes an elevated temperature in such cutting, much more abrasion resistance must 
be demanded and the degree of hardness of a coat must be high. Moreover, since oxidization occurs, under such a 
cutting conditions, the oxidation resistance of a coat is demanded much more. 

[0007] As a result of this invention person's trying addition of various third components to an oxidation-resistant 
improvement, in Si, Hf, Y, Zr, Cr, Nb, and Nd, it became clear to carry out a segregation to the grain boundary of the 
coat of TiAIN, and to suppress a diffusion of the oxygen in a grain boundary, and these third components brought the 
result whose oxidation resistance of a coat improves remarkably. 
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[0008] Next, the ground which limited the numeric value is described. In the hard layer, as for the content of aluminum, 
lower ****** and the addition effect of aluminum do not accept 5%, the abrasion resistance and the oxidation 
resistance of a coat did not improve, but since the result which ****** hardness falls to the property as AIN, and spoils 
the abrasion resistance of a coat would be brought if it is made to contain exceeding 75%, Ti / aluminum ratio was set 
to 95/5 to 25/75. The residual compression stress of the coat was low, and since a degree of hardness was not able to 
demonstrate sufficient abrasion resistance with Vickers hardness in cutting of the high degree-of-hardness material 
from which the circumference of lower and the edge of a blade become an elevated temperature about 3000, the ratio 
of I (200)/l (111) made two or more cases two or less. Moreover, since there was no effect in an improvement of the 
adhesion of a stress relaxation, i.e., a coat, when this metal layer thickness made to intervene is 2nm or less, and it 
would bring the result in which a skid occurs and a coat exfoliates easily within a metal layer if 1000nm is exceeded, it 
could be 2 to 1000nm. 
[0009] 

[Example] Hereafter, this invention is explained based on an example. In the conditions shown in Table 1 using a small 
arc ion plating system, coating of the example of this invention manufactured the examples 1-8 of this invention of 3 
yuan using the metal target (in addition to Ti and aluminum, the metallic element used the target which added and 
manufactured the element of Si, Hf, Y, Nb, Nd, and Zr.) of a system using the end mill made from a cemented carbide. 
The examples 9-12 of a comparison coated using the target of Ti or TiAl, and manufactured the end mill made from a 
covered cemented carbide. Moreover, in coating of an alloy metal layer, the introduction of nitrogen gas was stopped 
and was performed. 
[0010] 
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[001 1] It cut until it performed the cutting test and it broke in the following cutting conditions with the obtained end 
mill. The length of cut at the time of breakage occurring was written together to Table 1. 

End mill phi8mm Six sheet ♦»♦♦♦♦ material SKD1 1 HRC 60 cutting speeds It sends 20m / min. 0.06mm / blade slitting 
12mm x 0.8mm cutting method Dry-type cutting (Dry) 
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[0012] In the examples 1-8 of this invention, since cutting of quantity degree-of-hardness material also had little 
sublation of a coat, and that of long distance cutting was possible, since the metal layer or the alloy metal layer is made 
to intervene and the coat has stuck well, and orientation of the coat was carried out to (200), abrasion resistance also 
came out enough and stable cutting has been realized, so that more clearly than Table 1. Moreover, since oxidation 
resistance was raised and it closed by adding the third element, abrasion resistance can be raised more. 
[0013] Next, coating of the examples 13-20 of this invention and the examples 21-24 of a comparison was performed 
to the end mill made from a cemented carbide on the ****** conditions shown in Table 2, it cut in the following 

cutting items, and the abrasion loss after 50m cutting was calculated. In this example, the thickness of a coat was 
unified to 2.0 micrometers. 

End mill Two sheet blade **-ed [ philOmm ] material S50C HRC12 cutting speed It sends 100m / min. 0.1mm / blade 
slitting 10mmx1mm cutting method Abrasion loss is written together to the dry-type (Dry) cutting table 2. 
[0014] 
[Table 2] 
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[0015] In the example of this invention in which a metal layer or an alloy metal layer is made to intervene, and the coat 
is carrying out orientation to (200), a covering end mill realizes cutting whose adhesion of a coat was good and was 
extremely stabilized by high-speed high delivery so that more clearly than Table 2. Moreover, in high-speed high 
delivery, it is in the inclination that edge-of-a-blade temperature becomes high, the oxidation -resistant effect was 
demonstrated, and the long lasting coat was obtained. 

[0016] Furthermore, coating shown in the drill made from a cemented carbide (**** phi6mm) on the coating conditions 
shown in Table 3 at the examples 25-29 of this invention and the examples 31-32 of a comparison was performed, and 
it examined by the cutting item shown below. 

**-ed material SCM440 cutting speed It sends 70m / min. 0.1mm / rev hole depth 15mm cutting method Wet (Wet) 
Also in this example, the thickness of a coat could be 3.0micro. 

The abrasion loss of the edge of a blade after a 3000 hole manipulation is written together to Table 3. 
[001 7] 
[Table 3] 
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[0018] While the metal layer or the alloy metal layer could be made to intervene, it stuck by the tool which includes 
continuous cutting like a drill and it had abrasion resistance, what added the element which is excellent in oxidation 
resistance was more effective so that more clearly than Table 3. 

[0019] Next, since [ synergistic-effectHike / oxidation resistance ] it was not able to express, the coat which includes 
the addition effect of various third components for a third component was coated like the previous example, and it was 
made to oxidize in 900 degrees C and the atmospheric air in cutting for 1 hour. The thickness of the oxidizing zone 
formed then was measured by cross-section observation. The result is shown in Table 4. 



0020] 
[Table 4] 
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[0021] Oxidation resistance was expressed with the thickness which oxidizes from a front face as the standard. If 
oxidization advances to the interior of membranous, cubical expansion arises by oxidization, and a layer separates or 
will be away held by cutting. Therefore, if oxidization is stopped only near the front face, although a front face will serve 
as an oxide, since the layer with the precise interior is maintained, it has function sufficient as a tool. Especially, the 
effect was remarkable at Y, Si, and Nb. 
[0022] 

[Effect of the Invention] By reducing the stress which prepares a metal or an alloy metal layer between base-coats, 
and remains the adhesion of a coat to a coat, as explanation was given [ above-mentioned ] It can act and bite with 
milling cutter cutting, an end mill, a drill, etc., and sufficient adhesion also for the impact at the time can be maintained. 
By being able to demonstrate the abrasion resistance of coat original, and the coat's controlling I (200) / I (1 1 1) ratio 
for a stacking tendency or less to two, and adding a third component to it While the abrasion resistance which bore and 
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rubbed against impact and was excellent in wear was demonstrated, it was able to consider as the coat excellent in 
oxidation resistance. 



[Translation done.] 
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3 00 0£rT£*>9. 73JfedSffi«a^ft5S5«««-o«)fiiJ 



i o o o n m S 1 Tt-< 0 *s« 

lOOOnmt L/c 0 
[0 0 0 9] 

IliT i s A I KflOXl. Si, Hf, Y. Nb, Nd s 

z T<D7tm&mmi,xmftLtLfi-y*y ) 

[IT i XfiT i A 1 <Df—#* h&m^^T^—T-'Oy 
[0 0 10] 

[*1] 



(4) 
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Sff(V) mbar 


8M 




1(200)/ 
Kill) 


mm 

(m) 


* 


l 


300 


4x 10- 2 


Ti 3nm 


Ti0.eAb.4Si 0 .jN 


0.6 


25.6 


m 

mi 


2 


t 


t 


Ti lOOom 


Tia6Alo.4Hfb.lN 


0.4 


31.4 




3 


t 


t 


Ti 850nm 


TioeAWYoiN 


0.8 


27.8 




4 


4 

T 


• T 


Tio.5Alo.4Nb 0.1 
100 nm 


TiaEAio.4Nbo.1N 


0.6 


29.8 




5 


I 


T 


Tio.sAlo^Ndo.1 
100am 


Tiaa Alo.iNd 0.1N 
Tb.6Alo.4Nd 0.1N 
15© 


1.6 
0.3 


24.5 




6 


t 


t 


Tio.7Ala*Zro.i 
100am 


Tb.iAb.sZro.iN 
Tb.tAlo.4Zro.1N 
©X5 30 m 


1.6 
12.9 


24.5 




7 


t 


t 


Tia.7Alo.1Nbo .2 
600am 


TbiAl o.iNboaN 


0.9 


21.8 | 




8 


t 


t 


Tio.4Ala4Nbo.2N 
lOOnm 


Tb.4Ab.4Nbo.aN 


0.6 


27.9 


it 
t£ 

01 


9 


100 


t 


free 


Ti0.5Ab.eN 


6.6 


8.8 


10 


t 


t 


free 


Tio.eAb.eN 


7.4 


4.5 




11 


t 


t 


TiN O.lu 


t 


6.7 


6.8 




12 


t 


t 


TiN l.Ou 


TmbA1o£ N 


6.8 


10.3 



[0 0 11] mhtltc^ K^r&CD^iJ^W-T^ 

rc^K^^ 0 8mm 6 &J] 

faMM SKDll HRC 60 
2 Om/m i n 

0 0.0 6mm/?] 

^0*?i^^ 12mm x 0. 8mm 

WMtt gLiZWM (Dry) 



[0 0 12] mi XVWbfrKXo^. *«M«l-8 

# A < SB* LT *:«>i««S»<o«B'J-C fcJSJKofJBI 
fiv^8EBt«3»J*s-Ct, £/cj£flil£: (2 0 0) 

mffi^fco *fc*=5c»tWlPi-6wi:teJ:0»Wttt 
[0 0 13] ^ 2 tC^i^— ^^^feftTgfj! 
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&ffl¥-l 1-13 12 16 



is y% Mzj&erw 13-20^ jt«« 2 1 - 

in^K^^ 2foJ} <J> 1 0 mm 
ttfirj** S 5 0 C HRC 1 2 

«3fi'JiSff 10 0 m/m i n 



igt) 0. 1mm/ J] 

9 lOmmxlmm 
SJfiU** ft* (Dry) «0M 

[0 0 14] 
1^2] 









(mm) 


BJE(V) 
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is 

0H 


1 
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4x 10-2 


Ti 3nm 


0.55 


Tio.5Aio.4Sio.1N 


0.151 


2 


t 


t 


Ti 100am 


0.67 


Tb.5Aio.4Hfi>.! 

N 


0.145 


3 


t 




Ti750nm 


0.98 


Tio.5Alo.4Nbo.! 
N 


0.143 


4 


t 




Tio^Al 0.1 
lOOnm 


0.37 


Tio.5Alo.4Ndoi 
N 


1 0.164 


5 


t 




Tio^Alo.1 
50nm 


0.45 
0.67 


TiaaAlaiCr 0.1N 
©£5:30/1 


0.167 


6 


t 




You 
lOOnm 


1.67 
0.56 


Tio.5Alo.4Y0.lN 

<D3£5 50 ^ 


0.163 


7 


t 




Tio.sAl as 
lOOnm 


0.77 


Tio.sAlo.4SiaiN 


0.135 


8 


1 




TiosAlas 


0.48 


Tio.3Alo.eSio.1N 


0.166 


Jt 


9 


100 




Free 


5.47 


Tio.sAlo.6N 


0.356 


10 


t 




Free 


8.56 


Tio.7Alo.3N 
Ti 0.5AI 0.5N 

15 m 


0.379 


11 


t 




TiN 
O.lu 


8.22 


T105AI0.5N 


0.406 


12 


t 




TiN 
1.0 H 


6.78 


t 


0.422 



[0015] J:0!S6)d»4J:5l^ &JR«Xtt'&& 
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[0016] ^ 3 c^t^^f >?&mcxm 

a*ft»K9^ (M06mm) l:*«flW2 5-2 
9 N Mtf tCittfctf'J 3 1-32 ICT^i- 3 — 7 s - ^fcfT 
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«HW SCM4 4 0 

SJftl&K 7 Om/m i n 

0 0.1 mm/ rev 

7t$££ 1 5mm 



wwj** ^ (we t) 

831:3 0 0 0^t*DX^<OJJJfe<DJg^fi$r»fE-r5p 

[0 0 17] 
[8 3] 



















I(200)/I(lll) 


(mm ) 




i 


T10.9AI0.1 

5TITTI 


Tio.6AlQ.4Yo.lN 


0.67 


0.211 


m 
m 


2 i 


Tio.gAlo.1 
50nm 


Tio.aAlo.4Sio.1N 


0.55 


0.198 




3 


TiasAlai 
800mn 


Tio.5Alo.4Nbo.1N 


0.47 


0.199 




4 


Tio^Ab.iNdo.1 
400am 


Tio.&ALtuNdo.iN 
Ti o^Al o.4NdaiN 
16 m 


0.39 
0.49 


0.231 




5 


Ti 

50nm 


Tio.4Alo.4Nbo.2N 


0.55 


0.222 




6 


Free 


Ti 0 sAJ 0.5N 


7.87 


2733 Kfrm 




7 


Free 


Ti o.&Al o.eN 


5.99 


0.456 




8 


TiNl.Ou 


Ti 0.5AI o.&N 


8.57 


0.501 



[0018] $3J:^^4J:5^ \*V /WXolz. 
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IS 
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39 
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#J 
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1.5 




1 1 O.5AJ 0.4IND O.lIN 


1 n 
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It 
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« 
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2.7 


m 


TiN 
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